Cryptocandona brehmi (Klie, 1934) was collected from a cave in Japan; it differs markedly from the European Cryptocandona species colonizing subsurface waters.
INTRODUCTION
Recently, a comprehensive investigation on the species of the genus Cryptocandona Kaufmann, 1900 has been undertaken, which aims to analyse the phylogeny, and also attempts at identifying the nature of evolutionary pathways within this ostracod lineage (Baltanás et al., 2000; ). Cryptocandona brehmi (Klie, 1934) known only from one cave in Japan, was first described by Klie (1934) as Candona brehmi. Bronstein (1947) transferred this species to the genus Cryptocandona, a group of ostracods widely distributed in Europe. Since Klie's (1934) description the species has not been recorded anymore. A unique specimen of C. brehmi is deposed in Klie's ostracod collection, now at the Zoological Institute and Museum, University of Hamburg (ZMH). The reinvestigation of this material allows us to precise the peculiar morphology of this species, its phylogenetic position within the genus Cryptocandona, and the biogeographic affinities with the European species of Cryptocandona.
MATERIAL AND METHODS
Details on Klie's material of Cryptocandona brehmi. -Type material: one dissected female mounted in glycerin on a slide (ZMH 342a) labelled "Candona brehmi n. sp. ✙, Höhle bei Hirowagara (Japan), 11. Aug. 1933, coll. M. Ueno". A holotype was not designated, therefore, this only available adult syntype female on slide no. ZMH 342a is hereby designated the lectotype. Type locality and habitat (according to Klie, 1934) : pool in a cave situated near Hirowagara (Miniami-sakugun), Province Shinano, Japan. With the exception of the lectotype female (ZMH 342a), the remaining specimens collected from this locality (one female and two juveniles) have to be considered lost.
For the description of C. brehmi, Broodbakker & Danielopol's (1982) chaetotaxic notation model, as revised for the second antenna by Martens (1987) and for the thoracopods by Meisch (1996) , has been used here. Names and abbreviations for the last four limbs and the caudal rami (furca) follow the pattern proposed by Smith & Martens (2000) . Hemipenis terminology as in Danielopol (1969) . The taxonomic system follows Martens et al. (1998) .
A cladistic analysis on eight species of the genus, for which we examined material, and an out-group taxon (i.e., Mixtacandona * pietrosanii Danielopol & Cvetkov, 1979) was performed on 18 morphological characters using the computer program PAUP 4.0b8 (Swofford, 1998) , with the Fitch parsimony algorithm (the characters are analysed in unordered series) and the branch-and -bound search method. We coded the characters with 0, 1, 2, where the latter two values represent increasingly derived states (see details in Appendix 1, 2). THE MORPHOLOGY OF CRYPTOCANDONA BREHMI (KLIE, 1934) Carapace. Since there were no valves in the type collection, we here follow the original description of Klie (1934) . The greatest height (H) of the left valve viewed laterally ( fig. 1 ) lies in the middle and equals less than 1/2 of the length (L) (see measurements below). Dorsal margin broadly rounded, sloping more steeply backwards than forwards. Anterior end more broadly rounded than posterior end. Ventral margin weakly concave. Calcified part of inner lamella moderately narrow, on both ends amounting to 11% of the carapace L. Left antennula (A1, fig. 3 ). I+II: A-1m-1l, P-2l / III: A-1s / IV: A-1s, P-1s / V: A-2l, P-1m / VI: A-2l, P-1m / VII: A-1s-2l, P-1s-1m-1l / VIII: D-y a -1m-1l(cs)-1l. All setae plumed. Podomeres V and VI anteriorly with a pair of large but unequal setae each, the outer setae being larger. Posterior setae on podomeres V to VII robust and chelate. The largest anterior setae on the penultimate podomere c. 1.5 times as long as the ramus (the last five podomeres combined). The large posterior, innermost seta on podomere VII c. 3.1 times as long as this podomere. Terminal podomere with one long natatory seta c. 4.9 times the L of this podomere, one claw-like seta being only slightly more than twice as long as the podomere, one fine seta medium in length and aesthetasc y a equalling 1.8 times the L of the terminal podomere. Sensory part of this aesthetasc representing c. 30% of the total L of this organ. The lengths of the last five podomeres (IV-VIII) are in a ratio of 1.0 : 0.8 : 0.8 : 0.9 : 1.0. The absolute L of podomere IV selected as the basis for comparison is 31 µm. The ratio L/W of these five podomeres from proximal onwards: 1.4, 1.4, 1.7, 2.3, 3.7. Right antennula ( fig. 4) . I+II: A-2l, P-2l / III: A-1s / IV: A-1s, P-1m / V: A-3l, P-2m / VI: P-1s / VII: A-1s-2l, P-1s-1l / VIII: D-y a -1l(cs)-2l. All setae plumed. Posterior setae on podomeres IV to VII robust and chelate. Podomere V anteriorly with three large but unequal setae. The distal part of two large anterior setae on the penultimate podomere probably broken, thus the L of these setae equalling only 1.2 times the L of the ramus. Aesthetasc y a almost twice as long as the terminal podomere. The largest natatory seta on this podomere 5.2 times the L of the podomere. The lengths of podomeres IV to VIII amounts to 1.0 : 0.8 : 0.6 : 0.8 : 1.0 (the absolute L of fourth podomere used as a reference is 27 µm) and the ratio L/W of these podomeres from proximal onwards: 1.2, 1.2, 1.1, 1.4, 2.6.
Figs. 1-4. Cryptocandona brehmi (Klie, 1934) , female (lectotype ZMH 342a). 1, left valve, external view; 2, carapace, dorsal view; 3, left antennula, internal view; 4, right antennula, external view (note different number of setae indicated on podomeres V to VII). Scales: 1-2, 500 µm; 3-4, 100 µm.
Left and right A2 symmetrical, although absolute lengths and widths of endopodial podomeres of the left A2 slightly larger than those of the Figs. 5-9. Cryptocandona brehmi (Klie, 1934) , female (lectotype ZMH 342a). 5, left antenna, internal view; 6, coxal plate of mandibula; 7, mandibular palp; 8, branchial plate of maxillula; 9, palp of maxillula. Scale: 5-9, 100 µm.
right one. Left A2 seems to be, however, more compressed under pressure from the cover slide. From among three exopodial setae (one long and two rudimentary, very short setae), which is a common chaetotaxic pattern in the genus Cryptocandona, only one long seta was seen on both A2. Aesthetasc Y equalling 0.42-0.48 the L of EI (sensory part of this organ representing 50-58% of its total L). EII and EIII not separated, forming one compound podomere. Relative lengths of the A2 claws, setae and the remaining aesthetascs as: G 1 = 1.00- 
First podomere externally with a small exopodite plate (Exo) bearing seven long setae, and internally with four setae of various shapes inserted sub-apically. Second podomere internally with a bundle of setae consisting of a short β seta, three equally long and smooth setae clustered together (so-called setal group) and one similar in length but standing somewhat apart, more apically. Both claws of the terminal podomere sub-equal, central one being slightly longer than the movable, external claw, and amounting to 1.1 of the L of the third palp podomere used as a reference.
Maxillula (Mx) with branchial plate ( fig. 8 ), three endites, and a 2-segmented palp ( fig. 9 ): I: Ex-1m-3l / II: D-4s-2m(cs). The second palp podomere was selected as a basis for comparison.
Fifth limb or maxilliped (L5, fig. 10 ). Protopodite bearing two anterior subequal 'a' setae and two exterior setae 'b' and 'd'. Masticatory process (endite) hairy, densely covered in setulae, and apically with a group of 14 hirsute setae. Conical palp-shaped endopodite with three apical sub-equal setae. Exo plate consisting of three plumed setae.
Walking leg (L6, fig. 11 (Klie, 1934) , female (lectotype ZMH 342a). 10, maxilliped; 11, walking leg; 12, cleaning leg; 13, caudal ramus, its attachment, and genital lobe. Scale: 10, 75 µm; 11-13, 100 µm.
with comb-like rows of short, tiny setulae each. Seta g as long as 1/2 of the length of EI or only slightly larger, thus its relative L may be evaluated as short (s) or medium (m). Relative lengths of three apical setae: h 1 = 0.4, h 2 = 0.7, h 3 = 1. C. brehmi is best identified within the genus Cryptocandona by: (a) its small size (0.83 mm); (b) the carapace shape in lateral view (greatest height being situated at mid-length and almost symmetrically rounded ends); (c) the relative length of the terminal podomere of the antennula (podomere IV used as a reference) inferior to 1.5; (d) the relative length of the largest anterior setae on the penultimate podomere of the antennula (the length of the ramus, i.e., the last five podomeres combined, used as a reference) inferior to 1.8; (e) straight (not hook-like) small seta (h 1 ) on the terminal podomere of the cleaning leg; (f) relatively long, straight (only distal part curved) and not very distinctly unequal claws on the caudal ramus; (g) flat and only weakly protruding genital lobe. The combination of these seven characters is not seen in any of the allegedly related species.
C. brehmi comes close to C. reducta (Alm, 1914) . The shape of the left valve of C. brehmi illustrated by Klie (1934) and valve shapes of C. reducta, appear very similar and, considering the relatively wide variability of C. reducta, these two species cannot be differentiated from each other on the basis of carapace shape only, as was documented by Baltanás et al. (2000) . To judge from Klie's (1934) original description of the carapace of C. brehmi, this species may be distinguished from C. reducta by its small size (0.83 mm). For the latter species, the size of the females ranges from 0.90 to 1.02 mm (Meisch, 2000) . Furthermore, C. brehmi differs from C. reducta in the following characters: (a) G 3 claw on the penultimate podomere of antenna (EII+III) relatively small, inferior to the length of the first endopodial podomere (in C. reducta this claw usually larger than EI); (b) the major claw (G M ) on the terminal podomere of the antennula relatively short, inferior or equal to 0.8 of the length of EI (in C. reducta this claw usually larger than 0.8 of the length of EI); (c) the posterior seta of the caudal ramus (s p ) relatively short, amounting to 15-16% of the length of the anterior margin of the caudal ramus (in C. reducta: 16-25%); (d) genital lobe flat, only very weakly protruding (in C. reducta slightly more protruding).
The cladistic analysis produced two most parsimonious cladograms (29 steps) based on nine informative characters. The sum of the minimum possible length was 2 and the maximum 41. The consistency index was high (0.897) and the homoplasy index low (0.276). A strict consensus tree based on the two initial trees was produced and is here further discussed ( fig. 14, Appendices 1, 2, table I ). The genus Cryptocandona is well defined by the synapomorphies of characters 10 and 13 (the shortest seta on the terminal podomere of the cleaning leg longer than this podomere; and dorsally projected outer lobe of the hemipenis, respectively). C. reducta and C. brehmi form a lineage characterized by the synapomorphic state of character 5 (relatively short posterior setae on the penultimate podomere of the antennula). The other six European species of Cryptocandona here analysed form a group united by synapomorphies 4 and 11 (the relatively long terminal podomere of the antennula; and distinctly unequal lengths of the two claws on the caudal ramus). Finally, C. kieferi and C. leruthi are closer related through the derived From this cladistic analysis, one can infer that the lineage C. brehmi -C. reducta is more primitive than the large groups of European Cryptocandona from which some of the stygobitic species, like C. kieferi and/or C. phreaticola, have been derived. One could, therefore, see that within the genus Cryptocandona there is a trend toward colonization of subterranean waters, and that the process of evolution of stygobitic species has occurred repeatedly during geological time.
COMMENTS ON THE MORPHOLOGY OF THE ANTENNULA IN
CRYPTOCANDONA BREHMI Antennular chaetotaxy in podocopid Ostracoda is generally conservative at a family level (Maddocks, 2000) . With few exceptions, this is also the case for the genus Cryptocandona. Following Broodbakker & Danielopol's (1982) model, antennular chaetotaxy of the genus Cryptocandona (without relative length of setae) may be coded in the following formula: I+II: A-2, P-2 / III: A-1 / IV: A-1, P-1 / V: A-2, P-1 / VI: A-2, P-1 / VII: A-3, P-2 / VIII: D-3-y a . The setal equipment of the antennule of Cryptocandona is one of the most complete in the tribe Candonini Kaufmann, 1900, and represents most certainly the plesiomorphic condition.
The right and left antennulae of C. brehmi are distinctly asymmetrical with respect to podomere proportions, relative lengths of corresponding setae, and the presence/absence pattern of setae at specific locations. These asymmetries refer mainly to podomeres V to VII (figs. 3, 4) . The proportions between and number of the setae on the left antennula more or less fit the general pattern of Cryptocandona. There is one exception: the penultimate podomere on its posterior margin bears three setae instead of two. The right antennula displays shorter podomeres than the opposite limb, podomere V has an additional seta on both its anterior and posterior margins as compared to the common pattern, and podomere VI does not have any setae on the anterior margin (note that the opposite limb displays the usual feature of two setae). We interpret this unusual morphology of C. brehmi as due to a morphogenetical deregulation of the limb and setae formation. We do not know for the moment if this untypical morphology is an individual aberration or if it is genetically fixed and forms a peculiarity of the species. However, such asymmetries and atypical morphologies, even if very seldom, are already known from other podocopid species. For instance, Cryptocandona vavrai Kaufmann, 1900 completely lacks the posterior seta of podomere VI (cf. Danielopol, 1978: 90, as podomere V). Males of some taxa of the Cyprideidae, e.g. Cyprideis torosa (Jones, 1850), have asymmetrical 5th limbs, the right leg being less well developed than the left one, which latter one has a hyperdeveloped pseudochaeta that resembles a normal seta, inserted on the seta of the first endopodial podomere (Danielopol & Tétart, 1990) .
Extremely interesting is the presence of three setae on the anterior margin of podomere V of the left antennula in C. brehmi. This is a unique case within the ostracod order Podocopida. Note that the antennular seta no. 15 mentioned in Maddocks (2000) for Triebelina? pustulata Keij, 1974 , which is homologous to the additional 3rd seta in C. brehmi, was erroneously recorded in that paper (Maddocks, pers. comm.) . However, this seta occurs in the representatives of the order Platycopida, e.g., Cytherella pori Lerner-Seggev, 1964 (cf. Lerner-Seggev, 1964 . The occurrence of three setae on the anterior margin of podomere V in C. brehmi as well as in the Cytherellidae, reinforces the idea of close relationships between the orders Podocopida and Platycopida, as argumented earlier by Maddocks (1982) .
ZOOGEOGRAPHICAL NOTES ON CRYPTOCANDONA BREHMI
The main zoogeographic distribution of the taxa constituting Cryptocandona lies in Europe (Baltanás et al., 2000) . The morphological affinities between C. brehmi and C. reducta point to a possible origin of the former in Japan, through the migration of north or central European Cryptocandona across Eurasia during the Pleistocene. Such examples were documented for different ostracod groups, like representatives of Cavernocypris Hartmann, 1964 (cf. Marmonier et al., 1989 and for Cytherissa lacustris (Sars, 1863) (cf. ). An alternative zoogeographic explanation was given by Motaş (1962) for troglobite species of Japan, which display taxonomic and/or phylogenetic affinities with the European subterranean fauna. This author analysed the patterns of some water mites living in the groundwaters of Japan, that appeared to be phylogenetically related to European taxa. He (Motaş, 1962) considered that the Japanese species represent the relicts of a widely distributed Tertiary Eurasian fauna. Such Japanese representatives, like the species of the genus Stygovolzia Imamura, 1959 were named by Motaş (1962) palaeophreatic (i.e., palaeostygobitic) taxa. Following this type of classification, the ostracod Cryptocandona brehmi should be considered a neostygobitic species.
